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ABSTRACT 
 
Physical activity measurements are essential for the evaluation and prevention of 
childhood obesity. Although physical activity (PA) data are currently collected with 
accelerometry, using the existing accelerometers had limitation with cost efficiency issues. The 
Best Fit Friend (BFF), a new accelerometer PA monitor system, was develop to solve the cost 
issue; however, validity of BFF to measure the PA in preschool children is still not clear. The 
primary purpose of this thesis was to examine the feasibility of BFF accelerometer for measure 3 
to 5 year-olds preschoolers’ PA measurement. Based on the parental response and participant’s 
feedback, research and device feasibility were estimated. The second purpose was to validate the 
BFF accelerometer though a comparison with ActiGraph. Pearson correlation showed a 
moderate-high and/or high correlation between BFF accelerometer and ActiGraph. The third 
purpose was to clarify the difference of attachment placement: wrist and waist. Wilcoxon signed 
ranks test was to examine the statistical difference between dominant hand and non-dominant 
hand (Z = 4.99, p < .000, d = -.481), whereas there was not statistical differ with left wrist and 
waist, back and waist (Z = -1.39, p < .165, d = .130; Z = -.529, p < .597, d = -.050). The fourth 
purpose was to calibrate the BFF accelerometer to establish cut-off points. ROC curve analysis 
was performed. The last purpose was to decide the best placement of BFF accelerometer for 
children’s PA measurement. Based on comparison between AUC and cut-off, waist and back 
placements was the best BFF location, and right wrist, waist, and back conduct the best cut-off 
points. Overall, the BFF is a valid device to measure PA in preschool children ranged from 3 to 5 
years old.  
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CHAPTER 1 
INTRODUCTION 
 
Background 
 Obesity, one of the significant health liabilities of our time, has been increasing over the 
past decades, and people are becoming more aware of its importance. In fact, the obesity rate has 
been increasing continuously both in the US and worldwide. According to the World Health 
Organization (WHO, 2015), global obesity rate has doubled since the 1980s. As of 2014, in 
addition, approximately 40% of adult populations are overweight, and 13% are obese in the 
world. Recently, obesity gained increased attention in public health policies along with alcohol 
and smoking (Sturm, An, Maroba, & Patel, 2013). Despite such efforts, while the entire obesity 
rate is no longer growing rapidly in recent years, the rate of severe obesity has been increasing 
more in the past decade (An, 2014). Obesity prevention is an important public health agenda 
both in research and practice. 
Obesity is considered as a serious threat to public health. For example, obesity accounts for 
5 to 15% of deaths each year in the US (Stewart, Cutler, & Rosen, 2009). Moreover, it is a significant 
risk factor of many diseases such as type 2 diabetes, hypertension, dyslipidemia, persistence of early 
co-morbidities, coronary heart disease, and certain types of cancer (An, 2014; Stewart, Cutler, & 
Rosen, 2009; Wabitsch, 2000). Also, obesity compromises cardiovascular and motor skill 
development (Oliver, Schofield, & Kolt, 2007), musculoskeletal system, and psychosocial behavior 
(Van Cauwenberghe, Labarque, Gubbels, De Bourdeaudhuij, & Cardon, 2012).  
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The obesity is also jeopardizing the health in child and adolescent. Childhood obesity 
has a negative effect in terms of physical appearance, psychosocial behavior, orthopedics, 
metabolic disturbances, nightly hypoventilation and sleep apnea syndrome, immune system and 
infections, skin alterations, physical handicaps, increased blood pressure and hypertension, and 
liver statuses cholecystolithiasis (Wabitsch, 2000). These negative symptoms may hinder normal 
development during early stages of life. Moreover, childhood obesity is not only an immediate 
health issue, but is also associated with increased chance of developing into a chronic disease. For 
example, higher cardiovascular risk in childhood jeopardizes longevity in later life (Wabitsch, 
2000), and obese children tend to remain obese in adulthood (Tremblay & Willms, 2003). 
PA may prevent or alleviate childhood obesity. Research suggests that weights 
management is regulated by calorie intake and energy expenditure, and PA may contribute to the 
later. Similarly, excessive calorie intake and lack of PA or inactivity are associated with risk of 
obesity (Lee et al., 2012; Pedisic & Bauman, 2014; Sijtsma et al., 2013; Spittaels et al., 2012). 
Therefore, PA and inactivity are receiving more attention in obesity prevention research 
(Loprinzi & Cardinal, 2011; Pate, O’Neill, & Mitchell, 2010; Van Cauwenberghe et al., 2012; 
Ward, Evenson, Vaughn, Rodgers, & Troiano, 2005). 
Despite of copious research on the benefits of PA, the findings are limited due to 
inaccurate assessments (Lee & Shiroma, 2014). In particular, this inaccuracy is intensified by 
different PA patterns and tendencies in children as compared to adults (Ekelund, Tomkinson, & 
Armstrong, 2011). Therefore, accurate and reliable measurement methods are required for 
childhood PA research. For example, improved device, optimized cut-off points, innovative 
methodology may contribute to a better understanding of children's PA. Such advancement may 
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allow researchers to design and conduct more effective PA interventions and programs (Ekelund 
et al., 2011; Shephard, 2003; Ward et al., 2005). 
Accelerometry is currently the most widely used objective measurement for PA 
monitoring (Lee & Shiroma, 2014; Meckes, 2012; Reilly et al., 2003; Troiano, McClain, Brychta, 
& Chen, 2014; Zhang, Werner, Sun, Pi-Sunyer, & Boozer, 2003). Since the introduction of the 
first commercial accelerometer in 1920, lighter, smaller, and cheaper models to enhance research 
applicability have been developed (Lee & Shiroma, 2014). These improvements have allowed 
researchers to conduct better studies including large scale health surveillance such as the 
National Health and Nutrition Examination Survey (NHANES; CDC 2015), the Reasons for 
Geographic and Racial Differences in Stroke (REGARDS; Judd et. al. , 2015) study, and the 
Women’s Health Study (WHS; Lee & Buring, 2015 ). 
ActiGraph accelerometer is a reliable device widely used in PA research. However, it has 
a high cost (approximately $1,700 for both device and software) and is often argued as a as 
limitation for the research. Cost efficiency is considered as key for improved feasibility and 
quality of PA research by allowing use of accelerometers if an affordable accelerometer is 
available, which could result in reduced sample error and better generalizability. In an attempt to 
overcome the cost issues of ActiGraph, the BFF tri-axial accelerometer was developed at more 
affordable price (approximately $80). 
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Statement of the Research Problem 
Although BFF accelerometer satisfies the cost efficiency issues, some issues before 
using new accelerometer for 3-5 year old children's PA measurement research are present: device 
reliability, device calibration, and device placement. 
The first problem is device reliability before using the device for research. In other 
words, there is scant evidence as to whether the BFF is a trusty device for actual PA research 
even though the BFF accelerometer was tested thoroughly by manufacturers in a laboratory 
environment. To prove whether the BFF accelerometer is a reliable device for the PA 
measurement, it must be compared with other valid and reliable accelerometers such as the 
ActiGraph (De Vries et al., 2009; Hinkley et al., 2012; Irwin et al., 2004; Van Cauwenberghe, 
Gubbels, De Bourdeaudhuij, & Cardon, 2011). 
The second area of concern is that the BFF accelerometer is required to be calibrated and 
standardized for children's PA measurement, even if the consistency of the BFF accelerometer 
has already been validated. Basically, children have a different PA pattern than adult’s PA, and 
these differences can be challenging. Although there have been studies on the PA levels of young 
people, the emphasis has been on older children and adolescent (Frömel, Stelzer, Groffik, & 
Ernest, 2009). Before using the BFF accelerometer for 3-5 years old children, calibrated cut-off 
points for the each level of PA is required. 
Last but not least, there are two questions about the placement of the BFF accelerometer. 
First, there are controverted questions about the placement such as on the wrist or waist. Since 
dominant hand would have an effect on the frequency and/or intensity of hand activity, the 
5 
 
attachment of accelerometer on wrist might be considered in regards to hand preference (Phillips, 
Parfitt, & Rowlands, 2013). Meanwhile, the waist and back locations are considered as a similar 
placement for the assessment of habitual PA (S. Zhang, Rowlands, Murray, & Hurst, 2012), but 
the accuracy of waist location is sometimes clouded because device motion might be affected by 
posture during activity and the elliptical circumference of waist in case of obese children (Zhu & 
Lee, 2010). Secondly, the determinant about the optimal placement of accelerometer is argued. 
Although there are several suggested placement in the currently used devices, each device 
placement has some differences and fluctuations since children's movements is easily being 
unstructured and distracted. For more accurate measurement, the best placement of the 
accelerometer to represent children's PA must be determined. 
 
Purposes 
This study will determine the feasibility of the BFF accelerometer as a tool for preschool 
children’s PA measurement research. Based on the statement of research problems, the specific 
aims of the present study are as follows:  
1. Examine the feasibility of BFF accelerometer for children’s PA measurement research. 
2. Determine the validity of the BFF accelerometer through comparison with the 
ActiGraph accelerometer. 
3. Clarify the difference of attachment placements: both wrist and waist comparison 
4. Calibrate the BFF accelerometer to establish cut-off points for children’s PA level. 
5. Decide the best placement of the BFF accelerometer for children’s PA measurement.   
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Research Hypothesis 
 Within the purpose of the present research, there are four hypotheses: 
1. The accelerometer measurements do not statistically vary by different placement. 
2. The BFF and the ActiGraph accelerometer measurement yield no significant difference in 
results. 
3. Each PA type has different patterns and intensities. 
4. Accelerometer data results vary based on device placement. 
Assumptions 
 The study is based on the following assumptions: 
1. Accelerometer accurately captures and measures the participants’ activities, and data 
represent actual activity. 
2. There is no technical error or difference in results among BFF accelerometers. 
3. Participants correctly followed the researchers’ directions such as activity sequence and 
device attachment. 
4. Participants’ activities do not differ from their usual PA routine. 
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Significance of the research 
Although childhood PA can be seen as a treatment and prevention for chronic health risk, 
a children’s PA measurement study is not sufficient in itself. However, accurate and valid 
measurement will help to better understand children’s PA. Using the BFF accelerometer, this 
research aim is for better understanding the of children’s PA level and behavior, and to support 
research efficiency with this new cost-efficient device. It is intended to extend the knowledge of 
using accelerometry research in children via (a) establishing the criteria of BFF accelerometer to 
use in children’s PA research (b) determining the best and proper placement to attach the unit to 
measure children’s PA, and (c) figuring out the feasibility of research using BFF accelerometers 
while also taking in to consideration unexpected problems. 
  
8 
 
CHAPTER 2 
LITERATURE REVIEW 
 
This chapter provides an overview of children's PA and typical environment, an 
assessment of measurement tools and their feasibility for children PA research, and a review of 
accelerometry studies. Attention is given to findings about the calibration and validation of the 
accelerometer for children's PA obtained from previous research. 
 
Physical Activity 
Ever since Hippocrates pointed out the benefits of PA, there has been tremendous 
research to prove its importance. PA includes various characteristics such as amount, intensity, 
duration, frequency, type, and pattern. These characteristics relate directly to specific health or 
disease outcomes (Morrow, Jackson, Bazzarre, Milne, & Blair, 1999; U.S. Department of Health 
and Human Services., 1996).  
 
 Definition of Physical Activity. According to (Caspersen, Powell, & Christenson, 1985), 
PA was defined as “any bodily movement produced by skeletal muscles which entails the 
consumption of energy”. With this broad meaning of PA, there often seemed to be some 
confusion regarding the definition of PA compared with exercise, sports, and physical fitness. 
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Although these terms look similar, each definition is specific. First of all, exercise is defined as 
any planned, structured, and systematic PA designed to improve or maintain one or more 
components of physical fitness. Second, a sport includes the component of competition from 
exercise. Lastly, physical fitness is defined as a measurement of the capacity to perform PA 
and/or physical exercise that integrates the majority of bodily functions involved in movement. 
Also, physical fitness includes cardio-respiratory capacity, strength and muscle resistance, 
flexibility, and body composition. For children, specifically, it includes the further components of 
speed and agility. (Martínez-Vizcaíno & Sánchez-López, 2008). These two components represent 
how children’s physical fitness may be distinguished with adults. To sum up, PA is the widely 
used concept in the health related field of study, and also the primary component for the other 
activity concepts. 
 
 Physical activity intensity level and Moderate-Vigorous Physical Activity (MVPA). 
The intensity of PA can be a great estimator in better understanding the characteristic of PA. 
Although there is difference in terminology, it is usually categorized as low (light), moderate, 
and vigorous intensity of PA. According to the Centers for Disease Control and Prevention (CDC) 
research (2015), low physical activity (LPA) is defined as: (a) low energy expenditure at the level 
of less than 3 metabolic equivalents units (METS) (less than 3.5kcal/min), (b) a sitting, sleeping, 
lying down, reclining posture, and/or other screen-based activities, (c) targeted heart rate and/or 
VO2 Max at the level of less than 50 % of maximum heart rate, and (d) Borg Scale level of 
"light" (10-11). (Pate, O’Neill, & Lobelo, 2008; Patel et al., 2010; Sedentary Behaviour Research 
Network, 2012). Moderate physical activity (MPA) is defined as: (a) mid-high energy 
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expenditure at the level between 3.0 METS to 6.0 METS (between 3.5 to 7kcal/min), (b) 
activities equivalent in intensity such as a brisk walk, slow bicycling, and light housework, (c) 
targeted heart rate and/or VO2 Max at the level of 50 to 70 % of maximum heart rate, and (d) 
Borg Scale level of "somewhat hard" (12-14). Vigorous physical activity (VPA) is defined as: (a) 
high energy expenditure at the level of more than 6.0 METS (more than 7kcal/min), (b) activities 
greater in intensity such as running, competitive sport and heavy labor, (c) targeted heart rate 
and/or VO2 Max at the level of 70 to 85 % of maximum heart rate, and (d) Borg Scale level of " 
hard (heavy)" (15-17). 
 Although there are many indicators such as METS, VO2 max, Borg Scale, and activity 
category were established and are widely used in the field, those methods have limitation 
especially individualization because they do not represent different population groups, such as 
age, gender, and social economic status (Welk, 2002). These limitations require further 
measurement criteria to distinguish the different levels of PA intensity in a separate classification 
with rationale for the individual fit.  
 
 Physical Activity Recommendations. PA recommendations in the US had been 
developed to provide accurate guidance for the population and/or to optimize the quality and 
quantity of PA for health promotion and disease prevention. Since the first PA guideline was 
established by the American College of Sports Medicine (ACSM) using the percentage of 
maximum heart rate in 1975, PA recommendations have not been altered significantly, but have 
become more detailed using factors of time and intensity. There are three type of 
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recommendations: First, at least 150 calories per day or 1,000 calories per week in MVPA as 
suggested by the U.S. Surgeon General (1996); Second, accumulate 30 minutes per day of 
moderate intensity activity 5 days of the week, or 20 minutes per day of vigorous intensity 
activity on 3 days of the week as suggested by the American Heart Association (2007) and 
ACSM (2011); Third, moderate-intensity activity with a goal of 150 minutes per week or 
engaging in vigorous intensity activity for 75 minutes per week as suggested by United States 
Department of Health and Human Services (2008), the World Health Organization (2010), and 
the CDC (2011). 
 
 Sedentary Behavior Research. In the past decade, the study of sedentary behaviors 
emerged within the field of PA and health while numerous quantities of MVPA and/or LPA 
related research occurred over the past century, even though it was not seriously considered 
before that much as PA research (Meckes, 2012; Pate, O’Neill, et al., 2008; Sedentary Behaviour 
Research Network, 2012). For example, epidemiology researchers revealed the risk of sedentary 
behavior that MVPA of less than 150 minute per day or sitting of more than six hours per day 
increased mortality as much as twice when it compared with the sitting of less than three hour 
per day (Patel et al., 2010). In addition, physiology researchers revealed how sedentary behavior 
can be contributory to adiposity by reducing lipoprotein lipase and glucose tolerance regardless 
of the PA levels (Hamilton, Healy, Dunstan, Zderic, & Owen, 2008; Meckes, 2012; Pate, O’Neill, 
et al., 2008).  These numerous research interests in various fields require more accurate and 
reliable measurement methods for the epidemiology and PA researches (Owen, 2010). 
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Preschool Children and Physical Activity 
 Children and adults are not equal, and they have different tendencies and patterns of PA 
(Frömel et al., 2009). Preschool children’s PA is significantly different from that of adults. For 
example, a short burst of vigorous activity with less-intense recovery periods is one feature. 
Unexpected and unstructured PA is another feature. With these unique patterns and 
characteristics, children’s PA research should be approached differently than that of adults. 
 
 Children Physical Activity and Health Outcome. Regular PA has many benefits for 
childhood development, such as increasing physical fitness, bone and metabolic health, and 
psychosocial competence (Engelen et al., 2013). More specifically, PA during childhood and 
adolescence become a primary prevention of cardiovascular disease and other conditions 
associated with sedentary adult lifestyles (Martínez-Vizcaíno & Sánchez-López, 2008; Tucker, 
2008). Children’s PA contributes to their growth and development cognitively, physically, and 
emotionally (Hinkley, Crawford, Salmon, Okely, & Hesketh, 2008). Moreover, findings indicate 
that participation in activity during childhood and adolescence may influence adult PA behavior 
and preference (Taylor, Blair, Cummings, Wun, & Malina, 1999; Van Cauwenberghe et al., 2012). 
Therefore, PA is not only related to present health outcomes, but also future health outcomes as well. 
 
 Children’s Physical Activity in Preschool. Since complete childcare by parents or 
grandparents is no longer common in current society, preschool plays a key role in children’s PA. 
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According to recent research, 54% of children aged 3 to 5 in the United states (National Kids 
Counts, 2015; Pate, Pfeiffer, Trost, Ziegler, & Dowda, 2004) and over half of toddlers in Europe 
(Gubbels et al., 2011) are enrolled in nursery school, preschool, or kindergarten. To be specific, 
children spend most of their day in school, where they do PA and eat meals—the main obesity 
factor related to PA. Moreover, the research that children's PA levels decreased on weekends 
because the family's socio-culture have contributed to sedentary behavior is a strong evidence of 
the preschool's effect on children's PA (Frömel et al., 2009). 
 In regard to controlling risk factors, a preschool environment mainly tried to regulate 
obesity (Bower et al., 2008; Engelen et al., 2013; Pallan, Adab, Sitch, & Aveyard, 2014; Tucker, 
2008; Van Cauwenberghe et al., 2012; Welk, Corbin, & Dale, 2000). Many researchers (Dollman, 
Norton, & Norton, 2005; Sallis, 1994; World Health Organization, 1998) agree that the preschool 
physical environment plays a significant role in determining whether interventions will promote 
healthy eating and PA will be effective and sustainable. PA programs in preschool have been 
controversial due to the negative impact of compulsory and/or competitive PA (Martínez-
Vizcaíno & Sánchez-López, 2008; Taylor et al., 1999). To maximize the effects of PA programs 
and build confidence, children can sufficiently enjoy the activities they have chosen in a 
convenient and supportive environment (Sallis, 1994). In particular, the quantity and quality of 
the neighborhood’s physical environment and the accessibility to facilities is mandatory in order 
to provide a more positive opportunity to children for PA (Martínez-Vizcaíno & Sánchez-López, 
2008). In these conditions, preschool can be an optimal environment to measure the children's 
PA. 
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Present Measurement Methods for Children’s Physical Activity Research 
 Due to the important role of PA, several measurement methods were developed and 
verified in recent research to measure behavior using a self-report, proxy-report, heart rate 
monitor, accelerometer, pedometer, direct observation, doubly-labeled water, and gas-analysis 
(Martínez-Vizcaíno & Sánchez-López, 2008; Tucker, 2008). These measurement tools have been 
organized into two different categories: subjective and objective measurement.  
 Subjective measurement tools have been based on a survey that relies on the 
participant’s memory to recall their PA, and it can help estimate the various dimensions of PA 
level such as frequency, intensity, duration, and energy expenditure. Subjective methods are 
categorized into four groups: self-report, interview, diary and proxy report. Objective 
measurement tools have been based on tools/procedures that interpret the various bio-signals to 
represent their PA such as temperature, movement acceleration, heartbeat, and it can also help 
understand multi-dimensional of the PA level. There are several objective methods: heart rate 
monitor, accelerometry, pedometer, indirect calorimetry, doubly labeled water, and direct 
observation (Atkin et al., 2012; Welk, 2002).  
 These measurement tools used in research, according to Dollman (2009), depend on 
several conditions such as sample age, sample size, respondent burden, method/delivery mode, 
assessment timeframe, PA information required (data output), data management, the 
measurement error factor, and the cost issue of instrument administration (Loprinzi & Cardinal, 
2011; Pate et al., 2010; Van Cauwenberghe et al., 2012; Ward et al., 2005). With these 
15 
 
considerations, research should select the appropriate measurement methods for the children’s 
PA research. 
 
 Subjective measurement and Proxy-report. Subjective measurement has several 
advantages such as easy management, less expense, low burden, and the proper approach in a 
large sample size (Sallis & Saelens, 2000; Welk, 2002). With these advantages, self-report is the 
most widely used subjective measurement methods in the field of measurement research. In spite 
of these many advantages, however, the tool is not available to children’s research, especially the 
group less than 10 years old, because of the high rate of recall bias (Loprinzi & Cardinal, 2011; 
Ward et al., 2005; Welk, 2002). More specifically, children recall using self-report methods, but 
their cognition has limitations when recalling previous activity. This reduces the reliability of the 
data, and thus it can be difficult to use research tools based on children's cognitive ability. 
Although proxy report also have limitations such as less accuracy because it is impossible to 
observe the entire daily activity of children (Sallis & Saelens, 2000), it is considered as most 
appropriate subjective methods to use in children’s PA research and also for the population level 
of research (Dollman et al., 2009; Welk, 2002). 
 
 Direct Observation. Direct observation, one of the objective measures tools, provides 
contextual information for children’s PA during recess (Nicaise, Kahan, & Sallis, 2011). Direct 
observation is used as a criterion for PA because it is practical, completely natural and has the 
ability to perceive the PA pattern (Oliver et al., 2007). With the development of media technology, 
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furthermore, it has advantage such as high quality of quantitative and/or qualitative information 
with higher reliability (Gubbels et al., 2011; Welk et al., 2000). Based on these advantages, eight 
observation methods which is currently used in field have been reported: System for Observing 
Fitness Instruction Time (SOFIT), System for Observing Play and Leisure in Youth (SOPLAY), 
Children Activity Rating Scale (CARS), Observational System for Recording PA in Children-
Preschool Version (OSRAC-P), Studies of Children’s Activity and Nutrition-Children’s Activity 
Time sampling methods of observation (SCAN-CAT), Behaviors of Eating and Activity for 
Children Health Evaluation System (BEACHES), Children’s PA From (CPAF), and Fargo 
Activity Time sampling survey (FATS) (Oliver et al., 2007). Of these tools, CARS and OSRAC-P, 
which is a modified version of CARS for preschool children, are the most widely used 
observation instruments. Although direct observation is subjective and impractical for daily PA, 
these instruments are most frequently used as criteria for the calibration and validation study of 
the accelerometer (Oliver et al., 2007) because calibration and validation do not require a lot of 
time to evaluate. Furthermore, energetic movement requires much more effort even for the 
researcher, and is usually limited to one single observation at a time. As a result, there are many 
possibilities of missing children's activity because their randomized tendency. 
 
 Heart Rate Monitor. A heart rate monitor, a device that detects the speed of the heartbeat, 
is a widely-used measurement tool as an effective physiological parameter, and it additionally 
provides the reasonable means of estimating energy expenditure, low burden, and insight into the 
type of activity (Keytel et al., 2005; Welk, 2002). Based on technological developments in mobility 
and mass productivity, heart rate monitor is a feasible measurement tool for population level 
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research, and also an economic measurement tool. In particular, it offers physiological information 
such as type of PA and daily PA in a natural environment (Hebestreit & Bar-Or, 1998). 
 Although it has various advantages, there are some limitations for the PA measurement. 
First of all, heart rate monitor is hard to define the detailed type of PA because heart beat just 
related with the intensity and pattern of PA (Hiilloskorpi, Pasanen, Fogelholm, Laukkanen, & 
Mänttäri, 2003). Second, heart rate is sometimes not able to estimate energy expenditure 
accurately since it is affected by other factors such as posture, psychological conditions, and 
environment (e.g., altitude, temperature) (Hebestreit & Bar-Or, 1998). 
 
 Doubly Labeled Water. The doubly labeled water method measures metabolic rate in a 
specific period and is one of the most accurate and reliable measurement methods associated 
with numerous advantages such as free-living environmental energy expenditure and individual 
component energy expenditure (Welk, 2002). 
 However, it can be limited to use for PA monitoring because it only measures the total 
amount of PA (Keytel et al., 2005). Furthermore, high test costs become a financial issue when 
initiating research (Loprinzi & Cardinal, 2011). It can be a limitation not only for population 
level research, but also for small size research because the initial facility cost is more expensive 
than other measurement devices, even when the research sample size is around 30, which is a 
requirement for the satisfaction of statistical reliability. Additionally, the confinement of the 
calorimeter need time consuming, so it could be a challenge for children especially (Sirard & 
Pate, 2001). 
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 Indirect calorimetry. Gas analysis, one type of indirect calorimetry that measure the 
oxygen consumption and carbon dioxide production, can collect accurate data and valid the 
physiological information about PA over a short period (Welk, 2002). In particular, it is the most 
accurate and valid measurement tool for short-term energy expenditure during both resting and 
exercising (Sirard & Pate, 2001).  
 Despite this advantage, there is a limitation in that the device is larger than other 
measurement tools, so it is inconvenient to actual living setting even though it is familiar in 
laboratory experiments. Although gas-analysis devices are getting to make smaller and 
developing the portable version, they are still too big to use with young children and problems 
can be more serious when the subject's age is even lower. As PA patterns vary with age, gas 
analysis is of limited in children’s PA research compared with adult research. 
 
 Pedometer. Pedometer, which is alternative activity monitor to count a step by motion 
sensors, has been a widely-used measurement tool to quantify the amount of PA with the cost 
benefits and the user-friendly interface (De Craemer et al., 2014; McClain & Tudor-Locke, 2009; 
Zhu & Lee, 2010). The pedometer may leave much to be desired when compared to 
accelerometry in regard to low extensity (Pate et al., 2010). 
 Although its characteristics imply tremendous advantages for population level PA 
research, the pedometer has many limitations to for other PA research. First, it might be difficult 
to measure horizontal movement such as swimming because pedometer measures step and gait 
with gravity (De Craemer et al., 2014; Kumahara et al., 2004; McClain & Tudor-Locke, 2009). 
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Second, children have irregular activity patterns, so it is problematic to apply a pedometer to 
children’s PA research (Bailey et al., 1995). For example, children never stop acting or moving in 
some way or another even though they sit on one place. As a result, a pedometer might not be 
able to catch many types of children’s physical activities such as rolling, wriggling, crawling, 
and kicking the feet. 
 
 Accelerometry for children’s physical activity research. Accelerometry, which is an 
advanced and valid objective indicator of body movement that can count the intensity and pattern 
of PA based on a time-series for PA monitoring, broadens the research approach considerably 
(Freedson, Pober, & Janz, 2005). The device can assess the body acceleration which is captured 
the electronic signal in one, two, three or six dimensional acceleration signals. As measurement 
tools in PA research, accelerometers are well suited to capture differing activity intensities within 
a very short time frame and over multiple planes (Oliver et al., 2007; Pate, O’Neill, et al., 2008). 
Furthermore, they have practical advantages such as time series data, easy management, 
noninvasive, and less research burden, and it can help develop for the quality and quantity of 
research (Oliver et al., 2007; Welk, 2002). Although it is required to calibrate and standardize the 
device at beginning, accelerometry basically offers more detailed and specific quantitative and 
qualitative PA information such as frequency, intensity, duration, and pattern by time (Sedentary 
Behaviour Research Network, 2012; Welk, 2002).  
 Moreover, accelerometer is great measurement for large-scale epidemiological research 
and health surveillance (Lee & Shiroma, 2014; Pedisic & Bauman, 2014; Pulsford et al., 2011; 
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Riddoch et al., 2004; Van Cauwenberghe et al., 2011). While early stage of health surveillance 
was tend to rely on the subjective measurements, it obviously can be viewed as more reliable due 
to the comparison between self-report measures and objective measures of PA and low 
probability of information bias, such as recall bias, interviewer bias, and data collection bias. For 
example, the National Health and Nutrition Survey (NHANES) used self-report surveys and 
accelerometer assessment methods to discern differences in PA levels. This means that mixed 
methods based on self-reporting of activities are in sufficient demand to potentially impact health 
because they can be supported with recall and/or reports (Pate, O’Neill, et al., 2008). Although 
accelerometers have been considered as a feasible and accurate device for use in large-scale 
epidemiological studies of children’s PA, there are several requirements for accelerometer itself 
to assess children’s PA before the research conducting such as the feasibility of the accelerometer 
(Aminian et al., 1999; Van Cauwenberghe et al., 2011), the calibration and validation (Freedson 
et al., 2005; Hänggi, Phillips, & Rowlands, 2013; Pate, Mciver, Dowda, Brown, & Addy, 2008; 
Pfeiffer, Mciver, Dowda, Almeida, & Pate, 2006; Phillips et al., 2013; Puyau, Adolph, Vohra, & 
Butte, 2002), and the placement of the attachment (Alves, Sejdić, Sahota, & Chau, 2010; Howe, 
Staudenmayer, & Freedson, 2009; John, Tyo, & Bassett, 2010; Ojiambo et al., 2012; Ward et al., 
2005; K. Zhang et al., 2003). Furthermore, there are several cut-off point studies to distinguish 
PA intensity (Freedson et al., 2005; Lee, 2011; Pate et al., 2010; van Cauwenberghe et al., 2011). 
 Regardless of device challenges itself, there are some practical issues in using the 
accelerometer as applicable measurement tools. First of all, cost efficiency is still an issue 
(Martínez-Vizcaíno & Sánchez-López, 2008; Tucker, 2008), especially for large-scale research 
because it effects the available sample size. Although the current accelerometer is less expensive 
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(Lee & Shiroma, 2014), it is still costly. Since devices were lost frequently in large scale research, 
it can negatively affect a research budget and it is a force to be reckoned with. In recent WHS 
and REGARDS research, the loss rate has been reported as 2 to 8% (Lee & Shiroma, 2014). 
 Second, device appearance is also a challenging issue in children’s PA research. 
According to the AHEAD feasibility study (Audrey, Bell, Hughes, & Campbell, 2013; Kirby et 
al., 2012), device appearance and wearability has a significant affect in terms of attachment. For 
instance, children pointed out that comfortableness, size and appearance of accelerometer are the 
important factor to wear the accelerometer (Kirby et al., 2012).  
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CHAPTER 3 
METHODOLOGY 
 
Participants 
 Participants attending Children Development Lab (CDL), a preschool run by University 
of Illinois at Urbana-Champaign, were recruited by a presentation and take-home letter about the 
study before obtaining the required consent. Participants who had no history of illness or current 
medication use were eligible. CDL had information on file and pulled a list of qualified children 
with no limitations on PA (such as having exercise-induced asthma), and/or movement (such as 
having to wear leg braces). An in-person presentation took place at CDL before the possible 
participants and an informational letter was sent home to parents/guardians asking permission to 
participate in the study if the child agreed to take part. A total of twenty-five children agreed to 
participate, and written parental consent and verbal child assent were obtained. Of this number, 
nineteen children between the ages of 3 and 5 years completed the research. Before the research, 
all researchers built a rapport with participants for at least 10 hours, and research was performed 
on a voluntary manner by participants. All experimental and ethical protocols were approved by 
the University of Illinois at Urbana-Champaign Institutional Review Board (IRB) and parents 
were provided with written and informed consent forms. 
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accelerometer. The accelerometer output is digitized in twelve bit analog to a digital convertor 
(ADC) at a rate of 60HZ (Santos-Lozano et al., 2012).  
 The ActiGraph was worn adjacent to the BFF accelerometers on the waist in front and 
on the right wrist. All data obtained for this study was downloaded with Actilife software ver. 6 
and summed over a one-second epoch.  
 
Procedures 
 All measurements were taken at CDL’s outside playground. Participants’ 
anthropometrics assessments such as height, weight, and circumference of the mid-upper arm 
were provided by the institution. At first, the researchers began with 10 hours of rapport building 
so that the children could become familiarized with the researcher, equipment, and test 
procedures. Rapport building and testing activities were scheduled between 8 to 10 am before 
snack time. Data collection was conducted from July, 2014 to October, 2014. Since rapport 
building was accomplished, children interested in volunteering were processed during the testing 
period. 
 All participants followed the sequence of testing activity under the researcher’s direction. 
Children who elected to participate were fitted with the multiple accelerometers and a heart rate 
monitor in a semi-private open bathroom in the classroom. First came sedentary activities, and 
participants performed these for 6~10 minutes. Participants performed a variety of activities 
(locomotion and complex) with a researcher who voiced the directions. One researcher stood 
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beside the child to set the pace while another followed the participant and recorded on video the 
entire testing process with a cell phone (Google Nexus 5, USA) and Google Glass (Google, 
USA). One onsite camera (Canon 100D, Japan) also recorded the testing session. Data collected 
by the devices (accelerometers, heart rate monitor, Google Glass, and video camera) was 
downloaded at the end of the testing session. 
 
Testing Activities 
 Test activities were perform in a series representative of various aspects of children’s 
activity on an outside playground at CDL. They were selected based on already validated and 
reliable evaluation tools that measure children’s physical ability: Test of Gross Motor 
Development 2 (TGMD-2; Ulrich, 2000), PE Metrics (Dyson et al., 2011; Zhu et al., 2011) and 
Children’s Activity Rating Scale (CARS; Puhl, Greaves, Hoyt, & Baranowski, 1990). Selected 
activities were categorized within three different sections: Sedentary activities, Locomotion 
activity with different intensity, and Complex activities. Based on these CARS intensity 
categories, two sedentary activities (sitting and standing) and three locomotion activities (slow 
walking, fast walking, and running) were used to determine the criterion measurement of PA 
intensity for direct observation methods. 
 Each testing activity fit the one-minute protocol since a shorter length activity is more in 
keeping with transitory and intermittent movement that represents childhood PA than long-length 
activity. To sustain the regular speed and pace of each locomotion activity, the researcher 
controlled the moving speed and also asked the child to follow directions during each testing 
26 
 
event. Since locomotion activities and tricycle riding were included, researchers had to 
demonstrate weight transfer. After this sequence of testing, subjects had a 3 to 5 minute session 
of free playing on the jungle gym. Researchers participated in their activity and also guided them 
in common play as they had done during the rapport building session. During free play time on 
the jungle gym, participants’ activities included climbing, sliding, hanging, rolling, running, 
jumping, and resting (Table 1). 
Table 1. Test Activity category and timeline for test procedure 
Activity Category Type of Test and Timeline 
Inactivity Standing for 3 minutes, Sitting for 3 minutes 
Locomotion activities with 
different intensity 
Slow walking for 2 min., Brisk walking for 1 minute, Hopping (one leg jump) 
for 1 minute, Sliding (side jumping) for 1 minute, Galloping for 1 minute, 
Jumping (bunny jump) for 1 minute, and Running for 1 minute 
Complex activities Weight transferring exercise for 30 seconds, Riding a tricycle for 2 minutes, 
and Free playing on the jungle gym for 3 to 5 minutes) 
 
Data Reduction 
 ActiGraph GT3X/GT3X+ accelerometer data was downloaded with the Actilife version 
6 (ActiGraph, Pensacola, FL, USA): it summarized the vector magnitude counts per second. The 
summarized count output data from the Actilife was exported to a CSV file to use in Microsoft 
Office Excel 2013 for data cleaning. To reduce error, the data of the first 2 and last 2 seconds 
were excluded from each testing activity. 
 By contrast, the BFF accelerometer data was downloaded as raw signal data with Smart 
Exercise version 1.9.4 (Zhu Holdings Group, China). The output of the BFF accelerometer was 
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based on a 50HZ measurement of each of three axes and exported to a text file; it also included 
time and date. To calculate the intensity of activities in each placement area from measured tri-
axial raw signal data, they were defined as signal vector magnitude (SVM) and difference signal 
vector magnitude (DSVM). These were calculated using the following equation (Jeong, Do, & 
Chung, 2008) 
SVM ൌ ඥݔଶ ൅ ݕଶ ൅ ݖଶ, DSVM ൌ	 ଵ௧ ∑ |ሺܸܵܯሻᇱ|݀ݐ௧଴   (Equation 1) 
 As with the data processing of ActiGraph accelerometer, the BFF accelerometer data that 
was the first and last two seconds of each activity was excluded from each testing activity for the 
purposes of error reduction. 
 Video recordings were reexamined by the researcher, who analyzed each activity’s time 
and type. Based on the cell phone time set by satellite, all data (BFF accelerometer, ActiGraph 
GT3X/GT3X+ accelerometer, HR monitor, Google Glass, and camera video) was synchronized 
and categorized in terms of the length of the period of the testing activities using a second-by-
second coding protocol. 
 
Statistical Analysis 
 SPSS version 22.0 and SAS version 9 were used for all analyses except for the ROC 
curves analysis, where the Medcalc version 14.10.2 was used. MedCalc statistical software is 
widely used for biomedical research, especially receiver operator characteristic (ROC), curve 
analysis, and quality control tools.  
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 Participants’ anthropometric information (age, sex, height, and weight) offered by CDL 
was used to build descriptive statistics. The BFF accelerometer data for the placement and 
activity was analyzed using the mean and standard deviation of DSVM which is calculated by 
Equation 1, while ActiGraph data was analyzed by Actilife software. Since the basic unit of 
accelerometer was different between BFF and ActiGraph, Pearson correlation coefficients which 
is measure the degree of linearity between two continuous variables were used to compare each 
device for determining of devices validity. An analysis of variance (ANOVA) was calculated to 
compare seven different placements used in the testing activities by graph and chart of mean 
separation. Scheffe methods contributed to the classification of the activity group in a post-hoc 
comparison because of missing values. PA intensity category was established by these 
classifications and direct observational method tools such as such as CARS and SOFIT. 
 Before the further statistical analysis, the test of normality for each activity and 
placement was processed to satisfy the assumption (Appendix A). Shapiro-Wilk test which is the 
widely used normality test methods especially for small sample size 3 to 1000 was performed to 
evaluate the assumption of normality. Based on the homoscedastic of accelerometer data, Paired 
t-test and/or Wilcoxon signed-rank test were processed with two different purposes. First purpose 
of analysis is the placement comparison that is frequently argued as the similarity of their 
placement such as wrist and waist. Second purpose of analysis is the placement comparison 
between other placements and waist which is the most commonly used placement in field. After 
these tests, Effect size was calculated by using the follow equation 2, which is the equation to 
calculate the effect size indicator (Cohen’s d), and used these equations depends on the type of 
test. 
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 Cohenᇱs	d ൌ ஜభିஜమ
ටሺಚభశಚమሻమ
	ൌ ଶ୰ඥሺଵି௥మሻ  (Equation 2) 
 
 The ROC curve was used to determine the distinguished cut-off point for the BFF 
accelerometer by using sensitivity and specificity (Bidargaddi, Sarela, Klingbeil, & Karunanithi, 
2007; Chu, McManus, & Yu, 2007; Phillips et al., 2013; Pulsford et al., 2011; Wabitsch, 2000). It 
was calculated from four different intensities of locomotion activity based on CARS: sitting, 
slow walking, fast walking, and running. DSVM output per second for each intensity of PA--
such as sedentary to light, light to moderate, and moderate to vigorous--were discerned via 
sensitivity and specificity. The best cut-off point calculated by this discrimination was the value 
that minimized the distance between sensitivity and 1-specificity on the ROC curves, and 
represented the optimal separation between different activity intensity. This value offered the 
area under the ROC curve (AUC), which is a parameter that determines the power of the cut-off 
point. ROC curve analysis was processed for each placement specific to the BFF accelerometer 
cut-off point. The cut-off points of the each placement which was calculated by ROC curve were 
compared with the PA intensity category to evaluate the practical accuracy of cut-off point. 
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CHAPTER 4 
RESULTS 
 
 A total of nineteen children aged 3 to 5 years old (10 girls and 9 boys with a mean age ± 
SD; 4.58 ± 0.43) completed the research. Participants’ characteristics are shown in Table 2. The 
average participant weight was 18.31 kg (± 1.33) and the average height was 107.27 cm (± 3.60). 
Although girls’ anthropometric development values are slightly higher than boys, there was not a 
significant difference by sex (weight p = .616, height p = .304). 
 Table 3 and Figure 3 were shown the mean and standard deviation of DSVM for the 
BFF accelerometer data among twelve different activities and seven placements. The mean of 
DSVM for activities was highest for running (38.81 ± 8.246), followed by jumping, galloping, 
hopping, sliding, fast walking, free playing and weight transfer, walking, tricycle, standing, and 
sitting (28.91 ± 5.594; 28.75 ± 6.711; 25.76 ± 4.725; 24.76 ± 8.509; 20.79 ± 5.678; 9.84 ± 5.094; 
8.77 ± 6.632; 8.36 ± 3.871; 7.27 ± 4.424; 1.10 ± 0.736; 1.01 ± 0.637), respectively. Although 
there was a minor change between the same intensity category such as sitting and standing, 
hopping and sliding, and jumping and galloping, the sequence of the mean of DSVM was almost 
the same in each detailed placement. 
Table 2. Participants’ characteristic presented by sex 
 Boy (n=9) Range Girl (n=10) Range Total (n=19) Range 
Age (Year) 4.6 (0.45) 3.8-5.3 4.6 (0.43) 3.9-5.2 4.6 (0.43) 3.8-5.3 
Height (cm) 108.1 (3.29) 102.9-112.7 106.7 (4.17) 102.9-114.5 107.2 (3.78) 102.9-114.5 
Weight (kg) 19.1 (1.39) 16.8-21.1 17.8 (2.19) 14.7-21.4 18.3 (1.97) 14.7-21.4 
BMI 16.3 (0.54) 15.7-17.2 15.6 (1.06) 13.9-16.8 15.9 (0.95) 13.9-17.2 
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 PA intensity category determined by the researcher with direct observation tools (i.e., 
CARS, CPAF and OSRAC-P) and post-hoc comparison resulted for the subset of activity. Since 
the sample size are not equal in some cases, two different post-hoc methods (Tukey and Scheffe) 
were used to determine and/or establish threshold to categorize the activity group by researcher 
roughly, as seen in Table 3. Details of the post-hoc comparison for the subset of activity are 
explained in Table 4. 
Table 3. Mean and standard deviation of DSVM by placement and activity  
Category 
Intensity 
Activity Right 
Wrist 
Left 
Wrist 
Chest Waist Back Ankle Upper
Arm 
BFF 
Total 
Acti 
Right 
Acti 
Waist
Physical 
Inactivity 
Sitting 1.61 
(1.045) 
1.45 
(0.818) 
0.92 
(0.350)
0.75 
(0.279)
0.81 
(0.612)
1.00 
(0.574)
1.13 
(0.548)
1.10 
(0.736) 
25.59 
(17.796) 
4.2 
(3.37)
Standing 1.21 
(0.615) 
1.30 
(1.003) 
0.92 
(0.375)
0.92 
(0.406)
0.83 
(0.431)
0.76 
(0.532)
1.11 
(0.731)
1.01 
(0.637) 
20.34 
(11.720) 
5.4 
(5.77)
Light Walking 6.50 
(2.714) 
7.27 
(3.080) 
6.50 
(3.128)
8.14 
(2.267)
8.44 
(3.515)
14.31 
(3.478)
6.53 
(2.106)
8.36 
(3.871) 
91.45 
(44.530) 
64.2 
(15.13)
Moderate Fast Walking 
18.84 
(5.292) 
20.86 
(5.576) 
17.04 
(4.090)
20.12 
(4.944)
21.63 
(4.037)
26.46 
(6.150)
19.10 
(5.740)
20.79 
(5.678) 
250.74 
(100.903) 
82.5 
(18.28)
Hopping 25.11 
(4.473) 
27.50 
(5.171) 
23.81 
(5.197)
25.00 
(4.119)
25.44 
(3.691)
28.93 
(4.429)
22.26 
(3.993)
25.76 
(4.725) 
349.42 
(80.213) 
158.3
(40.99)
Sliding 23.09 
(8.985) 
25.52 
(9.429) 
21.42 
(6.653)
25.16 
(9.450)
24.36 
(7.736)
29.68 
(8.132)
22.11 
(4.965)
24.76 
(8.509) 
323.17 
(126.637) 
191.7
(73.64)
Vigorous Jumping 27.79 
(5.373) 
30.07 
(6.098) 
25.45 
(4.847)
29.14 
(5.033)
29.09 
(5.645)
33.07 
(4.485)
24.81 
(3.550)
28.91 
(5.594) 
390.70 
(86.306) 
233.2
(59.78)
Galloping 26.16 
(5.743) 
28.37 
(5.958) 
25.03 
(5.986)
29.23 
(5.992)
29.95 
(5.517)
34.33 
(8.279)
26.16 
(6.213)
28.75 
(6.711) 
450.24 
(97.670) 
215.3
(45.58)
Run 36.91 
(9.723) 
40.26 
(7.060) 
32.85 
(6.728)
38.46 
(6.928)
38.29 
(6.137)
47.02 
(7.752)
34.43 
(5.788)
38.81 
(8.246) 
557.94 
(128.370) 
151.6
(50.83)
Free 
Playing 
(complex) 
Weight 
transfer 
4.14 
(2.649) 
4.33 
(2.604) 
7.55 
(3.958)
10.27 
(4.624)
10.58 
(5.139)
18.62 
(8.041)
4.52 
(2.019)
8.77 
(6.632) 
69.16 
(46.868) 
156.2
(60.84)
Tri- 
Cycling 
7.15 
(3.032) 
7.53 
(3.425) 
5.17 
(3.604)
5.87 
(3.344)
6.34 
(3.445)
11.50 
(7.103)
7.11 
(3.511)
7.27 
(4.424) 
56.11 
(23.535) 
42.7 
(25.93)
Free 
playing 
9.83 
(4.474) 
10.18 
(4.894) 
8.20 
(4.792)
9.43 
(5.649)
9.21 
(4.991)
13.32 
(5.413)
7.09 
(3.291)
9.84 
(5.094) 
205.20 
(70.588) 
98.5 
(32.11)
Total 15.70 
(12.63) 
17.05 
(13.65) 
14.57 
(11.40)
16.87 
(13.00)
17.08 
(12.87)
21.58 
(14.70)
14.70 
(11.52)
17.01 
(13.16) 
232.50 
(191.713) 
117.55
(56.35)
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Figure 3. Mean and standard deviation of DSVM by placements and activities
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 In Table 4, the Scheffe test, which is the most commonly used post hoc tests if some 
missing values were existed in the data, was also processed. Although two subsets were not 
exactly same, it was close. Figure 3 can help to better understand activity category intuitively. 
 A Pearson correlation between the ActiGraph and BFF accelerometer at the wrist and waist 
to determine the convergent validity of BFF showed a high and moderate-high correlation coefficient 
shown in Table 5. To be specific, the wrist location showed a high correlation between the BFF and 
ActiGraph accelerometer for sedentary activity (r: Siting = .843), and a moderate-high correlation for 
light intensity activities such as light locomotion activities (Slow walking = .503, Fast Walking 
= .636) and hand hold activity (Tricycle=.646, Weight transfer = .737, & Slide = .725). Placement at 
the waist showed a high correlation during free playing (r = .899), a moderate-high correlation for 
sedentary activities (Sitting = .557, Standing = .649), and a moderate correlation for locomotion 
activities (Slow walking = .411, Fast walking = .497, Running = .461) 
Table 4. Post-hoc comparison for the subset of activity by Scheffe test 
 Activity N Subset 
 1 2 3 4 5 6 7 
Scheffea,b 
Stand 112 1.0082      
Sit 112 1.1040      
Tricycle 112  7.2671     
Walk 112  8.3554     
Weight 112  8.7668     
Free Playing 112  9.8442     
Fast Walk 112   20.7872    
Slide 112    24.7624   
Hop 112    25.7574 25.7574  
Gallop 112     28.7456 28.7456 
Jump 112      28.9150 
Run 112       38.8076
Sig.  1.000 .217 1.000 .998 .058 1.000 1.000
Means for groups in homogeneous subsets are displayed. Based on observed means. 
The error term is Mean Square (Error) = 25.945. a. Uses Harmonic Mean Sample Size = 112.000.  b. Alpha = 0.05. 
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 Since all placement total variable were not satisfied the assumption of normality 
(Appendix A), a Wilcoxon signed-ranks test was performed to determine the relationships 
between right and left wrist, and the waist and other placement. Of these 8 pairs in Table 6, the 
output indicated that left wrist (M = 13.85) and back (M = 16.95) accelerometer data were not 
statistically significantly different with waist (M = 14.34) accelerometer data (Z = -1.39, p < .165, 
d = .130; Z = -.529, p < .597, d = -.050), while others not.  
Table 5. Correlation coefficients between BFF and ActiGraph accelerometer 
 Wrist Waist 
 BFF ActiGraph r BFF ActiGraph r 
Sitting 1.6 (1.04) 25.6 (17.80) .843 0.7 (0.27) 4.2 (3.37) .557 
Standing 1.2 (0.61) 20.3 (11.72) .565 0.9 (0.41) 5.4 (5.77) .649 
Slow walking 6.5 (2.71) 91.4 (44.53) .503 8.1 (2.27) 64.2 (15.13) .411 
Fast walking 18.83 (5.29) 250.7 (100.90) .639 20.1 (4.94) 82.5 (18.28) .497 
Sliding 25.1 (4.47) 349.4 (80.21) .778 25.0 (4.12) 158.3 (40.99) .715 
Galloping 23.1 (8.99) 323.2 (126.64) .511 25.2 (9.45) 191.7 (73.64) .580 
Hoping 27.8 (5.37) 390.7 (86.31) .238 29.1 (5.03) 233.2 (59.78) .287 
Jumping 26.2 (5.74) 450.2 (97.67) .236 29.2 (5.99) 215.3 (45.58) .047 
Running 36.9 (9.72) 557.9 (128.37) .581 38.5 (6.93) 151.6 (50.83) .461 
Weight transfer 4.1 (2.65) 69.2 (46.87) .737 10.3 (4.62) 156.2 (60.84) .467 
Tricycle 7.2 (3.03) 56.1 (23.54) .646 5.9 (3.34) 42.7 (25.93) .453 
Free playing 9.8 (4.47) 205.2 (70.59) .725 9.4 (5.65) 98.5 (32.11) .899 
Total 15.70 (12.63) 232.50 (191.713) .916 16.87 (13.00) 232.50 (191.713) .767 
0.2~0.39 Low corr.       0.4~0.59 = Moderate corr.      0.6~0.79 = Moderately high corr.        0.8+ = High corr. 
**. Correlation is significant at the 0.01 level (2-tailed)    *. Correlation is significant at the 0.05 level (2-tailed) 
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For more details of Table 6, Paired t-tests and Wilcoxon signed-ranks test established 
Table 7 that illustrates the specific activity comparison. A Wilcoxon signed-ranks test was 
adopted if one of the paired variables was not homoscedastic, whereas Paired t-test basically 
used (see Appendix A). 
According to the table 7, pair 5 demonstrated that there is no statistically difference between 
back and waist accelerometer data throughout the all activities at the alpha level 0.05. Meanwhile, 
pair 1 and 3 showed the contrary results each. In other words, both wrist accelerometer data was 
statistically different during MVPA such as slow walking, fast walking, hopping, galloping, and 
running (Z = -2.05, p < .04, d = -.706; Z = -3.69, p < .002, d = -.387; Z = -3.69, p < .031, d = -.497; Z 
= -2.48, p < .023, d = -.376; Z = -2.24, p < .023, d = -.400). Although sliding and jumping were not 
statistically different, their statistics (Z = -1.57, p < .117, d = -.527; Z = -1.76, p < .096, d = -.400) 
were not strong as much as other hand hold activities. In contrast, left wrist and waist accelerometer 
data was statistically different in sedentary activities and weight transfer (Sitting, Z = -.34, p < .001, d 
= -.110; Wright transfer, Z = -4.97, p < .000, d = -1.601; Z = 2.61, p < .018, d = .473). 
Table 6. Difference of activity pairs between right and left, and waist and other placements. 
 
Difference 
M (SD) 
Negative Rank 
(N) 
Positive Rank 
(N) Z 
Sig. 
(2-tailed) d 
Pair 1 Right - Left -1.4 (3.7) 87.86 (91) 131.49 (136) -4.991‡ 0.000 -0.481 
Pair 2 Right - Waist -1.2 (4.96) 98.52 (103) 127.66 (125) -2.913‡ 0.004 -0.275 
Pair 3 Left - Waist 0.2 (5.09) 106.96 (135) 125.45 (93) -1.390† 0.165 0.130 
Pair 4 Chest - Waist -2.0 (4.67) 56.42 (48) 80.54 (96) -5.010‡ 0.000 -0.484 
Pair 5 Back - Waist 0.2 (2.90) 125.82 (107) 103.46 (120) -.529† 0.597 0.050 
Pair 6 Ankle - Waist 4.51 (6.25) 108.62 (146) 58.04 (46) -8.553† 0.000 0.875 
Pair 7 Upper - Waist -1.2 (4.03) 40.44 (39) 54.02 (57) -2.744‡ 0.006 -0.258 
Pair 8 Acti_R - Acti_W 115.5 (145.25) 121.42 (196) 72.13 (32) -10.776† 0.000 1.170 
†. Wilcoxon Signed Ranks Test based on positive ranks    ‡. Wilcoxon Signed Ranks Test based on negative ranks  
(d): Effect size.       |0.1| = Small size      |0.3| = Medium size        |0.5| = Large size 
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 Appendix B shows the ROC curve for the cut-off points in each placement and 
comparison between sensitivity and 1-specificity to determine optimal curve intersection. From 
this chart, DSVM cut-off points for different intensity activity and AUC (Area Under ROC 
Curve) are presented in Table 8. Table 8 describes the DSVM cut-off points established by the 
ROC curve analysis for the seven BFF accelerometers together with sensitivity and specificity 
values and areas under the curve (AUC). Each cut-off point (i.e. light, moderate and vigorous 
activity) was distinguished by level of intensity in direct observation tools, which was 
categorized by testing activity such as sitting, slow walking, fast walking and running. All ROC 
curves for the different intensity of each placement were able to distinguish intensity levels and 
AUC value. It is a useful parameter for comparing test performance supported by a high degree 
of accuracy in discrimination. 
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Table 7. Difference of physical activities between right and left wrist, left wrist and waist, and back and waist 
 Pair 1 Pair 3 Pair 5 
 Right M (SD) 
Left  
M (SD) 
Difference 
M (SD) 
Z or t (p) 
(2-tailed) 
d Left M (SD) 
Waist 
M (SD) 
Difference 
M (SD) 
Z or t (p) 
(2-tailed) 
d Back M (SD) 
Waist 
M (SD) 
Difference 
M (SD) 
Z or t (p) 
(2-tailed) 
d 
Sitting 1.6 (1.04) 1.5 (0.82) 0.2 (0.84) -.64 (.520)† 0.209 1.5 (0.82) 0.7 (0.27) 0.7 (0.76) -.34 (.001)† 0.110 0.8 (0.61) 0.7 (0.27) 0.1 (0.65) -1.33 (.184)† 0.442 
Standing 1.2 (0.61) 1.3 (1.00) -0.1 (0.84) -.44 (.658)† 0.142 1.3 (1.00) 0.9 (0.41) 0.4 (1.07) -1.29 (.198)† 0.427 0.8 (0.43) 0.9 (0.41)  0.1 (0.34) -1.81 (.070)† 0.615 
Slow walking 6.5 (2.71) 7.3 (3.08) -0.8 (1.64) -2.05 (.040)‡ -0.706 7.3 (3.08) 8.1 (2.27) -0.9 (2.28) -1.61 (.107)‡ -0.541 8.4 (3.51) 8.1 (2.27) 0.3 (2.67) -.48 (.629)† 0.156 
Fast walking 18.8 (5.29) 20.9 (5.58) -2.0 (2.39) -3.69 (.002) -0.387 20.9 (5.58) 20.1 (4.94) 0.7 (4.02) 0.81 (.427) 0.152 21.6 (4.04) 20.1 (4.94) 1.5 (3.19) 2.06 (.054) -0.333 
Hopping 25.1 (4.47) 27.5 (5.17) -2.4 (4.45) -3.69 (.031) -0.497 27.5 (5.17) 25.0 (4.12) 2.5 (6.81) 1.60 (.126) 0.534 25.4 (3.70) 25.0 (4.12) 0.4 (2.31) -.68 (.494)‡ -0.221 
Sliding 23.1 (8.99) 25.5 (9.43) -2.4 (5.49) -1.57 (.117)‡ -0.527 25.5 (9.43) 25.2 (9.45) 0.4 (6.21) .56 (0.573)† 0.183 24.4 (7.74) 25.2 (9.45) -0.8 (4.19) -.84 (.414) 0.092 
Jumping 27.8 (5.37) 30.1 (6.10) -2.3 (5.66) -1.76 (.096) -0.400 30.1 (6.10) 29.1 (5.03) 0.9 (6.05) 0.67 (0.510) 0.179 29.1 (5.65) 29.1 (5.03) 0.0 (3.05) -.07 (.947) 0.000 
Galloping 26.2 (5.74) 28.4 (5.96) -2.2 (3.87) -2.48 (.023) -0.376 28.4 (5.96) 29.2 (5.99) -0.9 (5.31) -.28 (.778)‡ -0.090 30.0 (5.52) 29.2 (5.99) 0.7 (3.16) -.40 (.687)‡ -0.130 
Running 36.9 (9.72) 40.3 (7.06) -3.3 (6.52) -2.24 (.023) -0.400 40.3 (7.06) 38.5 (6.93) 1.8 (7.07) 1.11 (.281) 0.258 98.3 (6.14) 38.5 (6.93) -0.2 (4.71) -.15 (.879) -9.163 
Weight transfer 4.1 (2.65) 4.3 (2.60) -0.2 (1.40) -.56 (.573)‡ -0.183 4.3 (2.60) 10.3 (4.62) -5.9 (5.22) -4.97 (.000) -1.601 10.6 (5.14) 10.3 (4.62) 0.3 (3.45) 0.39 (.702) -0.062 
Tricycle 7.2 (3.03) 7.5 (3.42) -0.4 (1.47) -1.12 (.276) -0.092 7.5 (3.42) 5.9 (3.34) 1.7 (2.78) 2.61 (.018) 0.473 6.3 (3.44) 5.9 (3.34) 0.5 (2.38) 0.87 (.398) -0.118 
Free playing 9.8 (4.47) 10.2 (4.89) -0.3 (1.56) -.68 (.494)‡ -0.221 10.2 (4.89) 9.4 (5.65) 0.7 (3.88) -1.73 (.084)† 0.586 9.2 (4.99) 9.4 (5.65) -0.2 (1.64) -.16 (.872)† 0.052 
Total 15.7 (12.63) 17.1 (13.65) -1.4 (3.67) -.50 (.000)‡ -0.046 17.1 (13.65) 16.9 (13.00) 0.2 (5.09) -1.39 (.165)† 0.130 17.08 (12.87) 16.9 (13.00) 0.2 (2.90) -.529 (0.597)† 0.050 
†. Wilcoxon Signed Ranks Test based on positive ranks    ‡. Wilcoxon Signed Ranks Test based on negative ranks 
(r): Effect size       |0.1| = Small size      |0.3| = Medium size        |0.5| = Large size 
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In Table 8, most AUC values had excellent accuracy (>.950) with a high percentage of 
sensitivity and specificity (>90%), except the chest BFF accelerometer and waist ActiGraph, 
which has good accuracy (AUC >.80). In terms of activity intensity, sedentary behavior had 
more accuracy than other thresholds. On the other hand, waist, back and left wrist showed a high 
AUC (>.980) compared with other locations. The waist ActiGraph had the lowest sensitivity and 
specificity values for all types of intensity threshold. 
Table 8. Cut-off points among each different intensity locomotion activity with optimal sensitivity, specificity, and AUC 
value in each placements 
Intensity  ensitivity (%) Specificity (%) Area under ROC curve (95% CI) Cut-off points (counts/1 s)
Right wrist     
Light 100.00 97.37 0.993 >3.0275 
Moderate 100.00 94.74 0.994 >11.7237 
Vigorous 89.47 94.74 0.953 >27.6897 
Left wrist     
Light 100.00 97.37 0.993 >3.0333 
Moderate 100.00 89.47 0.989 >11.2426 
Vigorous 100.00 94.74 0.997 >28.9918 
Chest     
Light 100.00 100.00 1.000 >1.7716 
Moderate 100.00 83.33 0.8333 >8.578 
Vigorous 91.67 100.00 0.979 >23.2591 
Waist     
Light 100.00 100.00 1.000 >1.8305 
Moderate 100.00 89.47 0.989 >11.3947 
Vigorous 94.74 100.00 0.994 >26.8997 
Back     
Light 100.00 100.00 1.000 >2.6327 
Moderate 100.00 89.47 0.986 >12.1959 
Vigorous 100.00 94.74 0.997 >26.7031 
Ankle     
Light 100.00 100.00 1.000 >2.5556 
Moderate 100.00 87.50 0.973 >16.0171 
Vigorous 100.00 93.75 0.984 >34.5945 
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 Based on the cut-off point that estimated by ROC curve in Table 8, it compared whether 
the cut-off point of each placement accurately worked in the other actual mean of DVSM. There 
are three approaches to evaluate the cut-off point of BFF accelerometer: (a) cut-off accuracy in 
original placement, (b) cut-off accuracy when it applied to other measurement, and (c) cut-off 
accuracy for total BFF measurement, and it was reported in Table 9. 
Figure 4 is the chart to compare between the cut-off point in the different location and a total 
DVSM that separated via different type of PA. Since galloping and jumping were identified as 
VPA, and hopping and sliding is identified as MPA in Table 3, this chart is able to determine the 
accuracy of the cut-off score through the comparison with the total DVSM of each activity. Cut-
off points for the chest and the upper-arm were not identified well because the criterion for the 
VPA was lower than actual value, whereas the left wrist and ankle were higher than actual value. 
Table 8 (cont.) 
Intensity Sensitivity (%) Specificity (%) Area under ROC curve (95% CI) Cut-off points (counts/1 s)
Upper arm     
Light 100.00 100.00 1.000 >2.6653 
Moderate 100.00 100.00 1.000 >9.8111 
Vigorous 100.00 75.00 0.953 >23.4116 
ActiGraph right wrist     
Light 100.00 92.11 0.989 >39.9858 
Moderate 94.74 89.47 0.945 >105.5808 
Vigorous 100.00 84.21 0.975 >355.7532 
ActiGraph Waist     
Light 94.74 100.00 0.986 >22.6631 
Moderate 78.95 84.21 0.875 >75.3124 
Vigorous 94.74 63.16 0.850 >99.1873 
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Table 9. Percentage of accuracy between cut-off points and actual mean of DVSM 
Cut-Off
Activities 
Right 
Wrist 
Left 
Wrist 
Chest Waist Back Ankle Upper 
Arm 
Placement
Right Wrist 88.89 77.78 88.89 88.89 88.89 77.78 88.89 85.71 
Left Wrist 100.00 88.89 77.78 88.89 88.89 77.78 77.78 85.71 
Chest 77.78 77.78 88.89 77.78 77.78 66.67 88.89 79.37 
Waist 100.00 100.00 77.78 100.00 100.00 77.78 77.78 90.48 
Back 100.00 100.00 77.78 100.00 100.00 77.78 77.78 90.48 
Ankle 66.67 77.78 55.56 66.67 66.67 66.67 55.56 65.08 
Upper Arm 77.78 77.78 100.00 77.78 77.78 66.67 100.00 82.54 
BFF Total 100.00 77.78 77.78 100.00 100.00 77.78 77.78 87.30 
Cut-off Total 88.89 84.72 80.56 87.50 87.50 73.61 80.56  
 
 
Figure 4. BFF accelerometer Cut-off point for each placement and the tatal mean of activity 
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CHAPTER 5 
DISCUSSION/CONCLUSION 
 
 As technology has dramatically evolved, recent versions of the accelerometer have 
several added advantage such as memory capacity, size and weight, high sensitivity, multi-
tasking, and cost efficiency (Keytel et al., 2005). According to Lee and Shiroma (2014), 
technological advances have allowed researchers to extend the quality and quantity of data 
collection via objective measurement. The BFF accelerometer has many advantages such as 
being lightweight and cost efficient to a high degree. The device satisfies most requirements, but 
there is research needed in developing performance for academic purposes. 
 The current study pursued a five-fold purpose. The first was to determine the feasibility 
of the BFF accelerometer for measurement research of children's PA. Based on the response rate 
of recruiting and participant’s feedback, research and device feasibility were estimated. The 
second purpose was to verify the convergent validity of the BFF accelerometer via a comparison 
with the ActiGraph accelerometer, and it showed moderate-high and/or high correlation between 
BFF accelerometer and ActiGraph (right wrist r = 0.916; waist r = .767). The third purpose was 
to compare the attachment placement by using BFF accelerometer: wrist and waist. The 
difference between dominant hand and non-dominant hand were statistically existed (Z = 4.99, p 
< .000, d = -.481), and left hand which is considered as non-dominant hand were statistically not 
differ with waist placement along with back and waist (Z = -1.39, p < .165, d = .130; Z = -.529, p 
< .597, d = -.050). The fourth purpose was to calibrate the cut-off points of the BFF 
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accelerometer through a post-hoc comparison of the subset of activity and a ROC curve analysis. 
The last purpose was to determine the best accelerometer placement to measure children’s PA 
with a comparison of each placement. Based on the AUC and cut-off, waist and back placement 
is the best location for the BFF accelerometer. 
 Response rates in recruiting represented the parental perception of the research, and it 
may be one of the parameters of research feasibility. In this study, the final parental response rate 
was 36%. It was not significantly low, but was not as high as expected, which was over 50% that 
parents are already familiar with participation in research. It might be assumed that the parents 
were anxious about their children participating because of the possibility of injury during outside 
activity. Furthermore, the research was conducted on volunteers, and non-compensation might 
have reduced the motivation to participate. Based on this assumption, it can be suggested that 
researchers offer financial or non-financial (such as health information) compensation to parents 
and children to achieve greater participation. As mentioned above, however, response rate which 
is a factor of research feasibility sufficiently worked for the research. 
 Device acceptability is a criterion in deciding whether a tool is feasible. In this case, it 
was a significant factor in successful research since the process depended on the children's 
decisions. Since the acceptability of wearing a device was based on the children's psychological 
attitudes concerning size and comfort (Kirby et al., 2012), the researcher exposed all devices to 
participants during rapport building. In rapport building, participants spent time with the devices 
to familiarize themselves and also to give feedback regarding the size and appearance. According 
to their feedback, participants agreed to accept the size and features of devices in use. However, 
the comfort level of the devices was in question. Participants sometimes requested to stop the 
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testing when they felt uncomfortable wearing them, especially when they slipped. Worse yet, 
many participants strongly opposed attaching the devices on their chests directly, but accepted 
them attached over clothes. In addition, the chest heart rate monitor usually did not catch a signal 
during the test process even though the device was located correctly. Thus, the chest heart rate 
monitor and thigh location proved troublesome, and eventually they were excluded from the 
research. 
 When accelerometry data is translated into metrics that express the intensity of PA, the 
accelerometer must be calibrated against criteria measures. In this research, the testing activities 
were structured by CARS, CPAF, SOFIT and OSRAC-P, which are widely-used direct 
observation systems, and they were used to categorize PA intensity as a criterion measure (Pate 
et al., 2010). Meanwhile, the group classification that is established by post hoc test was possible 
to establish the category of testing activity intensity as reference. In Table 4, Tukey and Scheffe 
test were classified into seven subset of activity. Although the specific subset was slightly 
different, both distinguished between light and moderate, and moderate and vigorous. 
Specifically, gallop and jump were defined as different activity that compared with slide and 
hopping. With these references from direct observational tools and post-hoc test, test activity was 
distributed into 4 groups: (a) In-activity: stand and sit, (b) LPA: tricycle and slow walk, (c) MPA: 
fast walk, slide, and hopping, and (d) VPA: gallop, jump, and run. 
 The approach using a comparison between the BFF accelerometer and the ActiGraph can 
be used as supportive evidence of the validity of the BFF accelerometer. Since there is already a 
lot of calibration and validation work in existence in regard to the ActiGraph, which has been 
widely used in academic level accelerometer research, it was expected that the BFF 
44 
 
accelerometer and the ActiGraph would yield a similar output in the different testing activities, 
and that they would not be significantly different when their reliability was assessed at the same 
placements. The intra-instrument was proved by high correlation values at each placement (r: 
wrist=.916, waist = .767). Although most of the coefficient value separated by activity type 
showed a higher correlation than moderate, hopping and jumping showed a low or no correlation. 
These were categorized as jumping activity; some assumptions explaining this result could be 
unstable device attachment, opposite movements from each other, or mistakes during data 
collection. Other activities founded a generally higher correlation than moderate, except for 
jumping activities. The correlation had a tendency to increase when the activity intensity was 
decreased. Based on these findings, we conclude that the BFF accelerometer is valid 
measurement tool for children’s PA research, and the performances of the BFF accelerometer is 
comparable with ActiGraph accelerometer.  
 The validity of the BFF accelerometer was used to support validation of a device itself 
during children’s PA research. The validity test was analyzed for two research questions. First 
research question is the placement comparison that is frequently argued as the similarity of their 
placement especially wrist. Although it have similarity of movement acceleration between both 
hands, their activity pattern and intensity might be differed since the hand using frequency is not 
same between the dominant and non-dominant hand. It is also reasonable doubts because human 
movement is not correspondingly and symmetrically. In this sense, pair 1 which is paired 
between right and left wrist were analyzed using by Wilcoxon signed-ranks test, and it was able 
to figure out the dominant hand effect. According to the Table 6 and 7, the output failed to reject 
null hypothesis that accelerometer data is statistical not different between right and left wrist. 
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Although hand hold activity and in-activities rejected null hypothesis, it might be caused by the 
controlled condition such as standing at attention, sitting up straightly, and fixed hand during 
tricycle and weight transfer. Overall, wrist accelerometer data have difference results that depend 
on right and left hand. 
 Meanwhile, second research question can be answered whether accelerometer is 
alternatively used within different placement through the comparison with the waist placement 
that is the widely used in current field. "Pair 2 to 8" were performed the paired t-test between 
waist and other placements. Of these result, pair 3 and 5 were failed to reject null hypothesis that 
each placement are statistically different, while other pairs were not. Pair 5 which was paired the 
between waist and back can be explained the effect of different belt location (Z = -.529, p < .597, 
d = .050). According to the Table 7 output, it will be able to choose one of placement between 
back and waist. However, it might have some possibility that there is no obese or overweight 
participant in current research since the difference is usually differed by huge abdominal 
circumstance. Pair 3 thus can be interpreted that the left wrist can be alternatively used with 
waist placement, and also that changing accelerometer placement between left wrist and waist is 
not significant (Z = -1.39, p < .165, d = .130). 
 While the categorized testing activities distinguished cut-off points for different 
placements, they offered the proper suggestion based on the type of activity involved. Based on 
the categorized mean of DSVM for one sedentary and three different speed locomotion activities 
in Table 3 and 4, the ROC curve established a reliable cut-off point for each location in Table 7. 
AUC values that represent the power of accuracy of each cut-off point show excellent accuracy 
and reveal the reliability of cut-off points and ROC analysis. Since most of placement in current 
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research has high sensitivity, specificity and AUC, it doesn't mean the lowest AUC is represent 
the inferiority of device even though AUC in waist placement ActiGraph which is the most 
supported placement within various literature was lowest values. 
 The cut-off points in this study were reliable and congruent with previous studies based 
on a comparison of the at the waist ActiGraph result. Specifically, ActiGraph cut-off points at the 
waist for sedentary (<22.66/s), light (<77.31/s), and moderate (<99.19/s) were comparable with 
the previous study of Evenson et al. (2008; <25/15s, <573/15s, <1002/15s), Pate et al. (2009; 
<37/15s, <419/15s, <841/15s), and Sirard et al. (2005; <398/15s, <890/15s, <1254/15s) (van 
Cauwenberghe et al., 2011). In particular, Sirard’s cut-off point, which used CARS direct 
observation as a criterion, was similar to current research criteria (<339.9465/15s; <1129.686/15s; 
<1487.81/15s). 
 To determine the best placement for BFF accelerometer use, at first, the cut-off point for 
each placement (Table 7) compared with the actual mean of DSVM (Table 3). By weighing the 
difference between the category of PA intensity and the cut-off point for each placement, we 
could determine the best placement of BFF accelerometer application for children doing PA. For 
example, galloping three placements (right wrist = 26.16; left wrist = 28.37; and ankle = 34.33) 
were misclassified as MPA that estimated by each cut-off point (>27.69; >28.99; >34.59) rather 
than VPA. It was assumed that there are fewer fluctuations in this area during vigorous activities 
such as jumping because distal places control balance. However, chest value (23.81) during 
hopping, which is a moderate intensity category, showed a different cut-off point (moderate>8.58; 
vigorous>23.26). It was assumed that there is a low level of light intensity activity with chest 
movements in comparison to other places. Based on ROC and mean of DSVM comparison, back 
47 
 
and waist placement could be the best place to measure children's PA with the BFF accelerometer, 
even though other placements are also adequate. 
 Additionally, Table 9 and Figure 4 that are the comparison from the actual total DVSM 
were able to examine the best placement for the accelerometer attachment, and Table 8 and 9 
were able to determine the most accuracy cut-off point for each location. At first, waist and back 
which is occurred very few errors (90.48% accuracy) were the best placement rather than other 
placement such as wrist (85.71%) and upper arm (82.54%). Furthermore, these locations showed 
optimization with no error in their own cut-off. In the meantime, the best cut-off point was 
examined by the AUC and the total number of error in each cut-off point. Although right wrist 
showed minimal number of error in Table 9, the cut-off points for waist and back were also good 
as much as right wrist when it was also considered with AUC. In contrast, ankle was not proper 
placement for the accelerometer measurement, and cut-off points also have drawbacks for it. To 
sum up, waist, right wrist, and back are the best placement for the PA measurement research in 
accordance with the cut-off and measurement accuracy. 
This study may be limited for the following reasons. First, one limitation was incurred 
by using a small sample size caused by the time and difficulty involved in taking children’s 
measurements. A small sample size less than 30 may be affected by the outcomes (e.g. reliability, 
statistical power, and statistical significance) but is worth study because it leads to a higher 
variability. Second limitation is that the missing values came from device error such as battery 
issues, data storage, and firmware for accelerometer software. These can be seen as limitations in 
the research. Missing data occurred due to technical problems and also unexpected happenings 
during practical application, such as participant’s preference and accidental damage. The data 
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helped to define the feasibility and future consideration of accelerometer research, but it created 
a limitation during statistical analysis. Lastly, one of the most obvious limitations of this research 
was convenience sampling at a limited place to recruit participants. The convenience sampling 
may have created a sampling bias, and this sample might not be representative of the entire 
population. Although it was possible to obtain some brief knowledge of and feasibility for 
accelerometer research, there may have existed the limitation of low external validity in this 
study because the CDL participants are hard to define as "typical" preschool children. 
 To conclude, this research proved that the BFF accelerometer is a feasible and reliable 
device to measure preschoolers PA in 3 to 5 year-olds. The analysis for the calibration of BFF 
accelerometer that used direct observation was not only offered cut-off points on each placement, 
but also concluded that the waist is the best placements for children’s PA research with excellent 
accuracy via ROC curve analysis. The criteria what is cut-off point will facilitate to classify the 
type of PA. It also suggests that both wrists and back are secondary possible places to attach the 
BFF accelerometer; otherwise, other placements are still adequate to use children’s PA 
measurement except chest. To sum up, BFF accelerometer is ready to measure preschool 
children’s PA. Further research is required to provide evidence of the effectiveness and feasibility 
for younger children, to use other measurement tools such as calorimetry measurement, and to 
recruit more sample for the better statistical analysis. 
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APPENDIX A: TESTS OF NORMALITY FOR EACH ACTIVITY AND 
PLACEMENT 
 
 
Activity 
Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 
Right 
Wrist 
Sit .208 19 .030 .809 19 .002 
Stand .212 19 .024 .914 19 .086 
Walk .241 19 .005 .856 19 .008 
Fast Walk .181 19 .101 .924 19 .136 
Hop .108 19 .200* .941 19 .272 
Slide .139 19 .200* .935 19 .213 
Jump .146 19 .200* .946 19 .333 
Gallop .158 19 .200* .962 19 .616 
Run .126 19 .200* .968 19 .739 
Weight .194 19 .059 .856 19 .008 
Tricycle .103 19 .200* .961 19 .600 
Free .161 19 .200* .884 19 .025 
Total .134 228 .000 .916 228 .000 
Left  
Wrist 
Sit .184 19 .092 .908 19 .068 
Stand .211 19 .025 .717 19 .000 
Walk .174 19 .132 .892 19 .036 
Fast Walk .085 19 .200* .967 19 .714 
Hop .102 19 .200* .973 19 .833 
Slide .203 19 .039 .887 19 .029 
Jump .079 19 .200* .974 19 .860 
Gallop .100 19 .200* .967 19 .710 
Run .104 19 .200* .956 19 .491 
Weight .168 19 .166 .926 19 .144 
Tricycle .117 19 .200* .959 19 .563 
Free .210 19 .026 .883 19 .025 
Total .141 228 .000 .913 228 .000 
Waist Sit 0.203 19 0.039 0.852 19 0.007 
Stand 0.142 19 .200* 0.92 19 0.113 
Walk 0.187 19 0.08 0.883 19 0.024 
Fast Walk 0.166 19 0.176 0.903 19 0.056 
Hop 0.1 19 .200* 0.946 19 0.335 
Slide 0.197 19 0.052 0.907 19 0.065 
Jump 0.142 19 .200* 0.928 19 0.156 
Gallop 0.198 19 0.048 0.85 19 0.007 
Run 0.095 19 .200* 0.982 19 0.962 
Weight 0.172 19 0.142 0.921 19 0.117 
Tricycle 0.104 19 .200* 0.96 19 0.569 
Free 0.226 19 0.011 0.874 19 0.017 
Total .130 228 .000 .927 228 .000 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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 Activity Kolmogorov-Smirnova Shapiro-Wilk 
  Statistic df Sig. Statistic df Sig. 
Back Sit .290 19 .000 .618 19 .000 
Stand .160 19 .200* .869 19 .014 
Walk .166 19 .179 .912 19 .080 
Fast Walk .148 19 .200* .963 19 .631 
Hop .175 19 .127 .876 19 .018 
Slide .150 19 .200* .903 19 .054 
Jump .167 19 .169 .927 19 .150 
Gallop .134 19 .200* .966 19 .698 
Run .112 19 .200* .985 19 .984 
Weight .103 19 .200* .969 19 .757 
Tricycle .169 19 .159 .943 19 .301 
Free .169 19 .156 .925 19 .140 
Total .120 228 .000 .933 228 .000 
Chest Sit .163 12 ÿ200* .960 12 .786 
Stand .129 12 .200* .920 12 .288 
Walk .239 12 .057 .845 12 .032 
Fast Walk .152 12 .200* .959 12 .768 
Hop .164 12 .200* .960 12 .789 
Slide .237 12 .060 .878 12 .083 
Jump .183 12 .200* .907 12 .197 
Gallop .112 12 .200* .965 12 .852 
Run .175 12 .200* .939 12 .491 
Weight .214 12 .137 .885 12 .102 
Tricycle .199 12 .200* .854 12 .041 
Free .227 12 .088 .904 12 .176 
Total .144 144 .000 .922 144 .000 
Ankle Sit .221 16 .036 .867 16 .025 
Stand .264 16 .004 .635 16 .000 
Walk .260 16 .005 .729 16 .000 
Fast Walk .140 16 .200* .952 16 .515 
Hop .103 16 .200* .983 16 .983 
Slide .155 16 .200* .929 16 .233 
Jump .107 16 .200* .964 16 .729 
Gallop .153 16 .200* .958 16 .634 
Run .131 16 .200* .929 16 .232 
Weight .181 16 .172 .944 16 .404 
Tricycle .183 16 .155 .907 16 .106 
Free .121 16 .200* .971 16 .849 
Total .075 192 .011 .959 192 .000 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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 Activity Kolmogorov-Smirnova Shapiro-Wilk 
  Statistic df Sig. Statistic df Sig. 
Upper 
Arm 
Sit .138 8 .200* .950 8 .711 
Stand .231 8 .200* .843 8 .080 
Walk .223 8 .200* .933 8 .540 
Fast Walk .149 8 .200* .934 8 .555 
Hop .169 8 .200* .974 8 .930 
Slide .199 8 .200* .915 8 .391 
Jump .261 8 .116 .871 8 .152 
Gallop .176 8 .200* .932 8 .537 
Run .277 8 .072 .874 8 .165 
Weight .267 8 .097 .860 8 .120 
Tricycle .210 8 .200* .915 8 .387 
Free .153 8 .200* .946 8 .676 
Total .138 96 .000 .918 96 .000 
ActiGrap
h 
Right 
Wrist 
Sit .122 19 .200* .943 19 .304 
Stand .225 19 .012 .893 19 .036 
Walk .270 19 .001 .750 19 .000 
Fast Walk .153 19 .200* .955 19 .480 
Hop .183 19 .093 .858 19 .009 
Slide .147 19 .200* .922 19 .125 
Jump .128 19 .200* .951 19 .419 
Gallop .112 19 .200* .948 19 .361 
Run .146 19 .200* .957 19 .524 
Weight .197 19 .050 .832 19 .004 
Tricycle .162 19 .200* .874 19 .017 
Free .127 19 .200* .953 19 .437 
Total .167 228 .000 .913 228 .000 
ActiGrap
h 
Waist 
Sit .197 19 .050 .897 19 .043 
Stand .267 19 .001 .805 19 .001 
Walk .119 19 .200* .973 19 .840 
Fast Walk .147 19 .200* .977 19 .897 
Hop .105 19 .200* .973 19 .833 
Slide .139 19 .200* .947 19 .349 
Jump .180 19 .109 .945 19 .322 
Gallop .159 19 .200* .949 19 .377 
Run .194 19 .058 .820 19 .002 
Weight .211 19 .026 .933 19 .197 
Tricycle .227 19 .011 .830 19 .003 
Free .132 19 .200* .957 19 .522 
Total .087 228 .000 .949 228 .000 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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APPENDIX B: ROC CURVE AND COMPARISON CHART OF BFF 
ACCELEROMETER FOR EACH PLACEMENT 
1. ROC curve and comparison chart of BFF accelerometer: Right Wrist 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
 
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
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2. ROC curve and comparison chart of BFF accelerometer: Left Wrist 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
 
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
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3. ROC curve and comparison chart of BFF accelerometer: Chest 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
 
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
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4. ROC curve and comparison chart of BFF accelerometer: Waist 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
 
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
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5. ROC curve and comparison chart of BFF accelerometer: Back 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
 
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
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6. ROC curve and comparison chart of BFF accelerometer: Ankle 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
  
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
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7. ROC curve and comparison chart of BFF accelerometer: Upper Arm 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
  
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
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8. ROC curve and comparison chart of BFF accelerometer: ActiGraph Right Wrist 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
 
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
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9. ROC curve and comparison chart of BFF accelerometer: ActiGraph Waist 
 ROC Curve Comparison 
ROC for 
Light 
Activity 
 
ROC for 
Moderate 
Activivity 
  
ROC for 
Vigorous 
Activity 
  
 
 
